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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK54][bookmark: OLE_LINK1]In this contribution, schemes for the remaining issues of cross-slot scheduling for UE power saving are analyzed and discussed. 
Indication of minimum applicable value of scheduling offset
This section will discuss remaining issues of the indication of minimum applicable value of scheduling offset. Detailed joint indication of minimum applicable values of K0 (which is also the minimum value of AP-CSI-RS triggering offset) and K2 will be given in Section 2.1. One remaining issue for the case where UE receives DCI without the 1-bit indication is analyzed in Section 2.2. Moreover, considerations on error handling is discussed in Section 2.3.
[bookmark: _Ref19726594]Detailed joint indication of minimum applicable value of DL/UL scheduling offset
	Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.

Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table



In RAN1#98 [1], it was agreed that the minimum K0 and minimum K2 are jointly adapted according to the indication in the scheduling DCI. Regarding further detailed design for the joint indication, it is preferred to support both DL scheduling DCI and UL scheduling DCI to indicate the adaptation of minimum K0 and minimum K2 jointly. This brings the flexibility to the network for the adaptation. Otherwise, there would be delay/restriction for gNB to indicate the adaptation of minimum K0 and minimum K2.
Proposal 1: Support the joint indication of adaptation for the combination of {minimum K0, minimum K2} in both DL scheduling DCI and UL scheduling DCI.
It was also agreed that one or two configured values are configured by RRC for the restriction to the active TDRA table. The RRC configuration was agreed as per BWP configured. However, the uplink BWP and downlink BWP may not be always switched together, e.g. for the paired spectrum, it is allowed that the DL BWP changes independently with the UL BWP switching. This needs to be considered in the design of joint indication.
As the first alternative, one straight forward way is configure one or two combinations of {minimum K0, minimum K2} for each pair of configured DL BWP and UL BWP. When the BWP switch happens, the 1-bit indication indicates one of the two candidate combinations for the pair of UL and DL BWPs after the BWP switching. However, this may introduce too much configuration overhead and the network may need to configure up to 32 combinations of {minimum K0, minimum K2} considering there would be at most 16 different pair of BWPs. This may introduce too much complexity.
As the second candidate, one or two configured values are configured for minimum K0 per DL BWP and one or two configured values for minimum K2 are configured per UL BWP. As proposed in Proposal 1, both DL scheduling DCI and UL scheduling DCI can jointly indicate the adaptation of minimum K0 and minimum K2. Therefore, implicit mapping/combination needs to be defined between minimum K0 values for DL BWP and minimum K2 values for UL BWP. One straight forward way is binding the lower indexed value of minimum K0 with the lower index value of minimum K2. 
As the third alternative, up to two combinations of {minimum K0, minimum K2} are configured for DL BWP only, and the minimum K0 and minimum K2 values are not configured for UL BWP. The 1-bit indication always jointly indicates one of the combinations of {minimum K0, minimum K2} with respect to the DL BWP. This would be a reasonable solution considering minimum K0 and minimum K2 both covers the time for the PDCCH processing. 
Table 1 summarizes the three alternatives and lists the pros and cons respectively. It is not preferred to use Alt.1 considering high configuration overhead and complexity. Alt.2 and Alt.3 can both work with low complexity to support the joint indication. Therefore, it is proposed to narrow down from Alt.2 and Alt.3 in RAN1#98bis.
[bookmark: _Ref19815553]Table 1 summary of joint indication alternatives
	
	Solution description
	Pros and Cons

	Alt.1
	Configure up to 2 combinations of {minimum K0, minimum K2} for the pair of UL and DL BWPs
	Too much configuration signaling overhead and high complexity.

	Alt.2
	Configure up to 2 minimum K0 for DL BWP and up to 2 minimum K2 for UL BWP. Lower indexed minimum K0 corresponds to lower indexed minimum K2.
	Low configuration overhead

	Alt.3
	Configure the combinations of {minimum K0, minimum K2} for DL BWP. The joint indication in the scheduling DCI is with respect to the DL BWP.
	Low configuration overhead


Proposal 2: Narrow down from the following Alt.2 and Alt.3 to support joint indication of minimum K0 and minimum K2:
· Alt.2: Configure up to 2 minimum K0 for DL BWP and up to 2 minimum K2 for UL BWP respectively. A lower indexed minimum K0 corresponds to the lower indexed minimum K2.
· Alt.3: Configure the combinations of {minimum K0, minimum K2} for DL BWP. The joint indication in the scheduling DCI is with respect to the DL BWP.
[bookmark: _Ref19726770]Remaining issues of the 1-bit indication
[bookmark: OLE_LINK19]In RAN1#98 meeting [1], for the case without 1-bit indication, e.g., timer based BWP switching, several options to determine the minimum are provided as following. In this section, we will firstly down select one of the options for this remaining issue. Then, we will further analyze another remaining issue on whether the 1-bit indication is always present in the scheduling DCI if any configured BWP configured with one or two minimum K0 values.
	Agreements:
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction 



Remaining issue when the 1-bit indication is absent
[bookmark: OLE_LINK18]For this remaining issue, if there is no scheduling transmission in the BWP inactivity timer, the UE will switch to default BWP when the timer is expired. In this case, from the perspective of UE power saving, it is preferred that cross-slot scheduling is utilized for the new active BWP (i.e., default BWP). Hence, it is proposed that TDRA table is restricted by one of the RRC configured minimum K0/K2 value(s) for the new active BWP and option 2 is preferred. Within the active BWP, the minimum K0/K2 can further adapted by DCI indication. If the UE switches to a BWP without minimum K0/K2 configuration, the TDRA table for the new active BWP is no restriction.
Proposal 3: For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by:
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
Remaining issue of whether the 1-bit indication is always present in the DCI
For this remaining issue, if the UE changes the active BWP by scheduling DCI indication and the target BWP is configured with one or two minimum K0/K2, it is more flexible for gNB to adapt to the minimum K0/K2 if assuming 1-bit indication is always present in scheduling DCI. For further consideration, there are the following cases:
a) Both the source BWP and the target BWP are configured with one or two minimum K0/K2. When the BWP switching is indicated by scheduling DCI, the 1-bit indication in the scheduling DCI indicates the minimum K0/K2 for the target BWP.
b) The source BWP is not configured with minimum K0/K2 and the target BWP is configured with minimum K0/K2. When the BWP switching is indicated by scheduling DCI, 1-bit indication in the scheduling DCI indicates the minimum K0/K2 for the target BWP. When the BWP is not switched, the 1-bit indication in the scheduling DCI can be reserved or set to be a certain value to reduce the false alarm ratio of BWP switching.
c) The source BWP is configured with minimum K0/K2 and the target BWP is not configured with minimum K0/K2. When the BWP is not switched, the 1-bit indication in the scheduling DCI indicates the minimum K0/K2 for the current active BWP. When the BWP switching is indicated by scheduling DCI, 1-bit indication in the scheduling DCI can be reserved or set to be a certain value.
Proposal 4: Support the 1-bit indication is always present in the scheduling DCI if anyone of the DL/UL BWPs is configured with one or two minimum value(s) of scheduling offset.
[bookmark: _Ref19726664]Error handling 
In RAN1#97 [2], it was agreed that an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s). However, unfortunately miss-detection of PDCCH is always possible in deployment. Therefore, a DCI updating minimum K0/K2 may be miss-detected by the UE. Therefore, an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum value is still possible. Considering the DCI is protected by CRC, false alarm rate is relatively low. Then if the UE is indicated with a K0/K2 value which is smaller than the current minimum applicable value, it is probable that a new smaller minimum applicable value is miss-detected by the UE. Therefore, the UE can update its minimum applicable K0/K2 accordingly. For example, the UE can set the K0/K2 in the scheduling DCI as the minimum applicable K0/K2, or switch to same-slot scheduling (i.e. set K0/K2 as 0) directly. Since in this case the UE process PDCCH decoding slower than the gNB’s expectation, when the UE finishes decoding the occasion for PDSCH/PUSCH may already pass by. Therefore the scheduling by this DCI should be ignored by the UE.
Application delay of minimum applicable value of scheduling offset
In RAN1#97 [2], the following conclusion for the application delay is proposed.
	Conclusion:
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any



From the above conclusion, the application delay (“X” slots) should accommodate a number of both “Y” and “Z” slots. To address the details in the above conclusion, Section 3.1 deals with the scenario in the same active BWP and without cross-BWP, while the consideration for cross-slot scheduling involving BWP switching is discussed in Section 3.2
[bookmark: _Ref19728260]Application delay without BWP switch
Analysis of “Y”
Y is the minimum applicable value of K0 or K2 prior to the DCI-indicated change. Y mainly limits the application delay in the scenario switching from cross-slot scheduling to same-slot scheduling, since the minimum applicable K0/K2 value for cross-slot scheduling (prior to the DCI indication) is larger.
An example based on K0 is shown in Figure 1, where the UE is indicated to change from cross-slot scheduling to same-slot scheduling. Denote the minimum value of K0 as K0min. The old K0min prior to DCI indication (i.e. Y) equals to 2 (cross-slot scheduling), and a DCI indication for changing K0min to 0 (same-slot scheduling) appears in slot n+1, then the application delay of same-slot scheduling is no earlier than slot n+3, which equals to n+1 plus old K0min. If same slot scheduling starts right after the DCI indication in slot n+1, then even an old K0min larger than 0 cannot guarantee cross-slot scheduling for each PDCCH monitoring occasion, since UE never knows whether K0min would be indicated to be changed to 0 by that PDCCH. Thus, the power saving of cross-slot scheduling cannot be achieved. 
In summary, the application delay of the updated minimum applicable value should be no earlier than Y slots after receiving the corresponding DCI indication, where Y is the minimum applicable value of K0 or K2 prior to the indication. 
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig1 - cross-slot.png]
[bookmark: _Ref4100224]Figure 1. Switching from cross-slot scheduling to same-slot scheduling 
Analysis of “Z”
Z is the smallest feasible non-zero application delay, which is caused by the time needed for DCI decoding and transition time needed for the related module preparing (e.g. clock frequency and voltage change of PDCCH module). Z mainly limits the application delay in the scenario switching from same-slot scheduling to cross-slot scheduling, where Y (old K0min or K2min) is usually too small to accommodate the time of Z slots.
[bookmark: OLE_LINK14]Figure 2 shows the switching from same-slot scheduling to cross-slot scheduling, where the old K0min=0, and the new K0min=2. Considering PDCCH monitoring case 1_1, the application slot to use the new minimum value(s) cannot be the same slot where the DCI indication is transmitted, and at least a gap of e.g. Z=1 slot is needed for DCI decoding and related module transition. 

[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig2 - cross-slot.png]
[bookmark: _Ref7085770][bookmark: _Ref7085766]Figure 2. Switching from same-slot scheduling to cross-slot scheduling 
Considering the scenario of different SCS, Z should be a pre-defined SCS-dependent parameter to correspond to a duration longer than the time needed for DCI decoding and related module preparing. Typical values of Z for different numerology are shown in Table 2
[bookmark: _Ref12282386]Table 2. Typical values of “Z”
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2



Proposal 5: For the scenario without cross-BWP or cross-carrier scheduling, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot n+X for K0 or K2, with X=max(Y, Z), where Y is the minimum K0 or K2 prior to the DCI-indicated value change, respectively, and Z is listed in the following Table.
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2



Additional consideration
Following the basic principle that the application delay should be no smaller than X=max(Y, Z), when further considering the probability of PDCCH miss-detection, some other aspects on the application delay can be also considered. This is because DCI miss-detection would lead to the miss-match between the behavior of gNB and the UE. When the gNB indicates to switch to same-slot scheduling from cross-slot scheduling, if the DCI is miss-detected, gNB will assume UE to be same-slot scheduled while the UE still keeps the power saving state of cross-slot scheduling, which may lead the UE miss the PDSCH/PUSCH scheduled in the same slot. Hence, when scheduling DCI is used for the indication of minimum applicable values of K0 and K2, the application delay of the updated minimum values can be after the feedback (i.e., HARQ-ACK regardless of ACK or NACK corresponding to DL scheduling DCI, or PUSCH corresponding to UL grant) from UE. This is for the purpose of reaching an alignment between gNB and UE on the minimum applicable values for later scheduling. Updating the minimum values after the feedback also satisfies the basic principle of application delay that not smaller than X=max(Y, Z).
[bookmark: _Ref19728275]Application delay with BWP switch
According to the current Rel-15 specifications, it is possible to achieve the switch of minimum K0/K2 value within the TDRA list by BWP switching. An enhancement in Rel-16 could be to associate a BWP with a first applied minimum applicable value of K0 (for DL BWP) or K2 (for UL BWP), which is discussed in Section 1.1.1. The application delay of minimum K0/K2 value involving BWP switch is analyzed in Section 3.2.1. Some other consideration for BWP-based design of cross-slot scheduling are discussed in Section 3.2.2 and 3.2.3.
[bookmark: _Ref19729263]Application delay for dynamic BWP switch
As discussed in Section 1.1.1, minimum K0/K2 may be adapted or to be mapped on the target BWP when BWP switching is triggered. In this case, for the application delay of indicated minimum K0/K2 value, the same basic principle of application delay of new minimum value discussed earlier in this paper (Proposal 5), should be also applied. 
Another small issue is that it is natural that the indicated new minimum value should refer to the new BWP. For example, if a switching DCI indicates a new minimum applicable K0 value as 2, the indicated 2 slots should refer to the new BWP’s numerology.
Proposal 6: For the scenario with BWP switching enabled, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot  for K0, or slot  for K2, where X is defined the same as the scenario without BWP switching, and / represent the subcarrier spacing of the target DL/UL BWP.
[bookmark: _Ref19729344]Application delay for timer-based or RRC-based BWP switch
It is agreed the one or two RRC configured values is per BWP [1], the BWP switching will be coupled with the changing of minimum applicable value of K0/K2. In Rel-15, there are three kinds of BWP switching: 1) triggered by scheduling DCI, 2) triggered by BWP inactivity timer, and 3) triggered by RRC signaling. The conclusion in RAN1#97 only covers the application delay for case 1), and the application delay for case 2) and case 3) has not been discussed yet. One way is to let the application delay equal to the BWP switching delay, which is defined  in [3] and [4] for timer and RRC based BWP switching respectively. Another way is to determine the application delay based on the formula in the case when the minimum K0 switching is triggered by DCI. For example, for timer based BWP switching there is no DCI decoding, then  can be reused where .
Proposal 7: Specify the application delay for timer-based or RRC-based BWP switching, which reuses either the BWP switching delay or the application delay of DCI based indication. Further narrow down is needed.
[bookmark: _Ref19729338]Impact to BWP switch delay when cross-slot scheduling enabled
In Rel-15, a requirement on the BWP switch delay is specified in TS 38.133 for cross-BWP scheduling as follows:
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after the beginning of DL slot n+ TBWPswitchDelay.
With such a switch delay restriction, a UE must complete scheduling DCI processing, RF switching, new parameter application and data preparation (only for UL BWP switching) in TBWPswitchDelay slots. When the cross-slot scheduling state is enabled, the PDCCH processing is relaxed for power saving. However, since the UE does not know whether a cross-BWP scheduling would be issued when monitoring PDCCH, the PDCCH processing timeline cannot be relaxed if the BWP switch delay is not relaxed even if the indicated minimum K0/K2 is larger than TBWPswitchDelay. To enabling the usage of cross-slot scheduling based power saving, a relaxed scheduling delay should be considered for BWP switching. As an example, TBWPswitchDelay+minimum K0/K2 can be used as the BWP switching delay when cross-slot scheduling based power saving is enabled.
[image: D:\Working\~3GPP\t-doc撰写\201908 RAN1#98\power02 cross-slot scheduling\pics\Fig3.png]
Figure 3. Example of application minimum K0/K2, which is larger than BWP switch delay, for same-BWP scheduling 
Proposal 8: The BWP switching delay needs to cover the relaxed minimum applicable K0/K2 due to the relaxed PDCCH processing.
[bookmark: _Ref129681832]Indication of a different minimum value of scheduling offset before the prior indication takes effect
In last meeting [1], it was agreed that scheduling DCI format are enhanced to include the configurable additional field of 1-bit dynamic indication of cross-slot scheduling in the Active Time in Rel-16. It means that the 1-bit field is always present in the DCI format if configured. A remaining issue is whether or not to allow gNB to indicate a different minimum K0/K2 indication before the prior minimum K0/K2 indication takes effect.
Before the prior minimum K0/K2 indication takes effect, it is not essential for gNB to indicate a minimum value larger than the prior indicated value. This is because even though a small minimum K0/K2 is indicated, the gNB can still schedule a larger K0/K2 value in TDRA table. If the gNB expects to adapt to larger minimum K0/K2, it can be indicated after the prior indication takes effect. From the perspective of reducing latency, it may be necessary to indicate a minimum value smaller than the prior indicated value as soon as possible. For example, when the traffic with low latency requirement arrives, e.g., URLLC, it is expected that the UE can adapt to the small minimum value as soon as possible. However, frequently adapting the minimum K0/K2 will increase the complexity of the UE implementation, which is not beneficial for the UE to save power. It is helpful for the UE implementation to ensure the UE processing to adapt the minimum K0/K2 is not disrupted by another indication. 
Observation 1: Before the prior minimum K0/K2 indication takes effect, it is not essential for gNB to indicate a minimum value larger than the prior indicated value; however, it may be necessary to indicate a minimum value smaller than the prior indicated value when the low latency traffic arrives.
Observation 2: Frequently adapting the minimum K0/K2 will increase the complexity of the UE implementation, which is not beneficial for the UE to save power.
To further trade-off between the above two aspects, the UE power saving would be more important and it would be a corner case for a URLLC UE to use power saving technique. Hence, it is preferred not to allow gNB to indicate a different minimum K0/K2 indication before the prior minimum K0/K2 indication takes effect.
Proposal 9: UE is not expected to be indicated a different minimum K0/K2 value before the prior minimum K0/K2 indication takes effect
The application delay of minimum K0/K2 indication is discussed in previous paragraphs in this section. As the 1-bit indication is always present in each scheduling DCI, how to take effect the minimum K0/K2 should be defined clearly when the same value is continuously indicated.
Before the prior minimum K0/K2 indication takes effect, if the latter indicated value is the same as the prior indicated value, it is not reasonable for the UE to always update the application delay according to each indication. The application delay can be determined by the prior indicated value. 
Proposal 10: Before the prior minimum K0/K2 indication takes effect, if the latter indication is the same as the prior indication, the application delay is determined by the prior indication.
However, if it is agreed that a latter indicated value, which is different from the prior indicated value, can still take effect even when the latter value is indicated before the priori value takes effect, the application delay needs to be carefully discussed with the consideration of UE implementation complexity.
Proposal 11: Before the prior minimum K0/K2 indication takes effect, if it is agreed that a latter indication with different value can replace the priori indication, the application delay needs to be carefully discussed with the consideration of UE implementation complexity.

Other impacts
Additional case on the minimum value of aperiodic CSI-RS triggering offset
In RAN1#97, the minimum value of triggering offset of aperiodic CSI-RS is agreed to be the same as that of K0. Generally, we understand that aperiodic CSI-RS means the CSI-RS resource(s) defined in NZP-CSI-RS-ResourceSet which is configured as ‘aperiodic’ and CSI request field in DCI triggers one of aperiodic NZP-CSI-RS-ResourceSet. In this section, a special scenario on aperiodic CSI-RS triggering offset should be further clarified, which is the CSI-RS resource associated with aperiodic SRS in case of non-codebook based SRS transmission. 
In the current specifications [5], for non-codebook based SRS transmission, the CSI-RS resource associated with aperiodic SRS is specified as fixed in the same slot of the SRS request DCI. The UE calculates the precoder used for the transmission of SRS based on the measurement of the associated CSI-RS resource. The CSI-RS resource associated with the SRS resource set is configured by higher layer if the SRS resource set is set to ‘nonCodebook’, which is shown below. 
SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),
            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S
            ...,
            [[
            aperiodicSRS-ResourceTriggerList-v1530      SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))
                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M
            ]]
        },
        semi-persistent                         SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        },
        periodic                                SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        }
    },

The SRS request field in DCI can trigger an aperiodic SRS resource. For power saving SRS triggering offset can be set to larger than zero by RRC configuration. However, UE still cannot relax the PDCCH processing timeline and needs to buffer the potential CSI-RS as the associated CSI-RS resource is fixed in the same slot where the triggering DCI is received. This violates the benefit of using cross-slot scheduling based power saving technique. To enabling the cross-slot scheduling based power saving, it is proposed to support the associated CSI-RS offset to be larger than zero for non-codebook based SRS transmission. Then, UE can start to only monitor PDCCH without additional buffering in case of non-codebook based SRS transmission. For simplicity, the associated CSI-RS offset in this case can be aligned with the triggering offset of the CSI request DCI triggered aperiodic CSI-RS, which is the same as the minimum applicable K0. Only when the DCI that triggers aperiodic SRS is detected, the UE will receive and measure the associated CSI-RS. The UE can skip the buffering of symbols in the slot where the PDCCH is monitored. 
Proposal 12: For non-codebook SRS transmission, support the offset of CSI-RS resource associated with the aperiodic SRS to be set to the minimum applicable K0.
UE assisted scheduling/processing timeline
From the analyses in [6], a UE with a relaxed processing timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power consumption, which is commonly referred as DVFS (Dynamic Voltage Frequency Scaling). K0 and K2 is related to the power consumption of PDCCH module. In addition, K2 is also related to PUSCH module, while K1 is related to PDSCH module.
Beyond what has already been defined in Rel-15 associated with the UE capability, further power saving could be achieved at the cost of larger scheduling delay. However, gNB has no information about each UE on whether it would benefit from power saving by a further relaxed K0/K1/K2. To achieve a common understanding between gNB and UE on scheduling time relaxation, a possible mechanism could be that, UE reports a relaxed minimum K0/K1/K2 (other than Rel-15 UE capability associated timeline) to gNB. Then after gNB assesses performance degradation with the service requirement (latency, UPT etc.), gNB decides whether or not to apply the requested configuration. More detailed information can be found in our companion paper [7].
From the above analysis, we have the following proposal.
Proposal 13:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
Enhancements for CA scenario
[bookmark: OLE_LINK41]One issue discussed during last few meetings for cross-carrier scheduling is about the “”. To avoid too much DL reception/buffering on the scheduled carrier (i.e. carrier without PDCCH monitoring configured), some companies proposed that a duration of  should be inserted between PDCCH on the scheduling CC, and the PDSCH on the scheduled CC, when the SCS of the scheduled CC is larger than that of the scheduling CC. We think this issue should be mainly discussed under CA topic, and only consider its impact to cross-slot scheduling for UE power saving here.
For the case of same-slot scheduling,  works as the implicit minimum K0 value on the scheduled CC for cross-carrier scheduling, since it is greater than zero. However, for the case of cross-slot scheduling, since the duration corresponding to  slots on the scheduled CC with larger numerology, is shorter than the duration corresponding to one slot on the scheduling CC, it does not have impact on the derived minimum value of K0 for cross-slot scheduling. 
Observation 3: For cross-carrier scheduling, “” is the implicit minimum K0 value on the scheduled CC for same-slot scheduling, and does not impact cross-slot scheduling.
[bookmark: OLE_LINK39]Minimum K0/K2 causes inconsistency on the DRX state
The introduction of minimum K2 (and K0) is for the reduction of PDCCH processing speed, which can bring power saving on UE. In Rel-15, the DRX operation assumes the PDCCH processing can be finished in the same slot, i.e. minimum K0 is 0 and the inactivity timer starts or restarts in the first symbol after the end of the PDCCH reception that schedules a new transmission (DL or UL) [8]. 
However, when cross-slot scheduling is enabled, the relaxation of PDCCH processing timeline due to the application of minimum K0/K2 may cause the DCI parsing to be completed in a slot other than the slot where PDCCH is transmitted. This may have some impacts on the DRX operation. 
For a DCI that carries the indication of a new transmission (DL or UL) for a UE, if it is successfully decoded after the current DRX active time ends, the network and this UE will have inconsistent understandings on the DRX state for a duration that is right after the current DRX active time. As shown in Figure 4, following Rel-15 DRX operation, the network starts/restarts the drx-InactivityTimer immediately after the transmission of the DCI that indicates a new transmission, however the UE cannot start/restart the timer until it completes the PDCCH decoding and DCI parsing, which would be in the later slot n+minimumK0-1 (assume PDCCH is transmitted in slot n). Hence, for the DCI parsing time that is outside the current DRX active time, the network thinks that the UE is still within the active time while the UE does not monitor PDCCH. The UE will lose the DCI transmitted during this ambiguous duration, which consumes unnecessary network resources and power consumption. 
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Figure 4. An ambiguous duration is introduced within which the network and UE have inconsistent understandings on the DRX state if the DCI parsing is finished after the current DRX active time ends.
To align the understandings of the network and UE on the PDCCH monitoring, some UE behaviours can be defined. For example, the UE does not expect to receive a DCI for a time duration of minimum K0-1 slot(s) right after the current DRX active time. Then the network does not transmit DCI for this duration even if the drx-InactivityTimer has been started/restarted by the network.
Proposal 14:  The impacts of cross-slot scheduling on the ambiguity of DRX active time due to the relaxation of PDCCH processing timeline should be discussed.
Conclusion
Based on the analyses and discussions, we have the following observation and proposals:
Observation 1: Before the prior minimum K0/K2 indication takes effect, it is not essential for gNB to indicate a minimum value larger than the prior indicated value; however, it may be necessary to indicate a minimum value smaller than the prior indicated value when the low latency traffic arrives.
Observation 2: Frequently adapting the minimum K0/K2 will increase the complexity of the UE implementation, which is not beneficial for the UE to save power.
Observation 3: For cross-carrier scheduling, “” is the implicit minimum K0 value on the scheduled CC for same-slot scheduling, and does not impact cross-slot scheduling.
Proposal 1: Support the joint indication of adaptation for the combination of {minimum K0, minimum K2} in both DL scheduling DCI and UL scheduling DCI.
Proposal 2: Narrow down from the following Alt.2 and Alt.3 to support joint indication of minimum K0 and minimum K2:
· Alt.2: Configure up to 2 minimum K0 for DL BWP and up to 2 minimum K2 for UL BWP respectively. A lower indexed minimum K0 corresponds to the lower indexed minimum K2.
· Alt.3: Configure the combinations of {minimum K0, minimum K2} for DL BWP. The joint indication in the scheduling DCI is with respect to the DL BWP.
Proposal 3: For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by:
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
Proposal 4: Support the 1-bit indication is always present in the scheduling DCI if anyone of the DL/UL BWPs is configured with one or two minimum value(s) of scheduling offset.
Proposal 5: For the scenario without cross-BWP or cross-carrier scheduling, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot n+X for K0 or K2, with X=max(Y, Z), where Y is the minimum K0 or K2 prior to the DCI-indicated value change, respectively, and Z is listed in the following Table.
	
	Z

	0
	1

	1
	1

	2
	2

	3
	2


Proposal 6: For the scenario with BWP switching enabled, UE is not expected to apply the new indicated minimum applicable K0/K2 value before slot  for K0, or slot  for K2, where X is defined the same as the scenario without BWP switching, and / represent the subcarrier spacing of the target DL/UL BWP.
Proposal 7: Specify the application delay for timer-based or RRC-based BWP switching, which reuses either the BWP switching delay or the application delay of DCI based indication. Further narrow down is needed.
Proposal 8: The BWP switching delay needs to cover the relaxed minimum applicable K0/K2 due to the relaxed PDCCH processing.
Proposal 9: UE is not expected to be indicated a different minimum K0/K2 value before the prior minimum K0/K2 indication takes effect.
Proposal 10: Before the prior minimum K0/K2 indication takes effect, if the latter indication is the same as the prior indication, the application delay is determined by the prior indication.
Proposal 11: Before the prior minimum K0/K2 indication takes effect, if it is agreed that a latter indication with different value can replace the priori indication, the application delay needs to be carefully discussed with the consideration of UE implementation complexity.
Proposal 12: For non-codebook SRS transmission, support the offset of CSI-RS resource associated with the aperiodic SRS to be set to the minimum applicable K0.
Proposal 13:  The UE reports relaxed processing timeline values of K0/K1/K2 to gNB.
Proposal 14:  The impacts of cross-slot scheduling on the ambiguity of DRX active time due to the relaxation of PDCCH processing timeline should be discussed.
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